Lennox-Gastaut syndrome (LGS) is a chronic and severe form of epilepsy characterized by intractable seizures, cognitive impairment, and abnormal electroencephalogram findings with slow spike-wave complexes. It typically presents before age 8, but symptoms continue into adulthood and require lifelong treatment associated with significant clinical burden. Data on LGS-associated healthcare utilization and costs are limited. In this study we use a claims-based LGS classifier based on random forest methodology to identify patients with probable LGS from the a Medicaid multi-state database and assess its prevalence across the age spectrum, healthcare utilization, treatment patterns, costs, and comorbid conditions. The classifier identified patients with probable LGS across all ages, with up to 8% of 10-year-old patients with epilepsy identified as having probable LGS. The prevalence of probable LGS was lower in older age cohorts, indicating that it may be under-recognized in older patients. Our analysis showed that probable LGS is associated with considerably higher total healthcare and medical costs than non-LGS patients. The costs were generally consistent between age cohorts, suggesting that the cost burden extends beyond childhood and has a lifelong impact. Analysis of treatment patterns suggest that while the majority of probable LGS patients in this study received widest-spectrum AEDs, a considerable proportion did not and therefore may have been inadequately treated. Further, usage of clobazam and rufinamide was decreased in older compared to younger patient cohorts, indicating that older patient cohorts are less likely to be receiving optimum treatment for LGS. These findings indicate the need for increased clinical attention to LGS beyond pediatric years, with a focus on optimization of treatment for LGS patients of all ages with widest-spectrum AEDs. Timely recognition and adequate treatment of LGS are likely to result in improved outcomes and less costly management of this condition.
Introduction
Lennox-Gastaut syndrome (LGS) is a chronic and severe form of epilepsy characterized by multiple intractable seizure types such as tonic, absence, and atonic "drop attacks," cognitive impairment or regression, and abnormal electroencephalogram (EEG) findings with slow spikewave (SSW) complexes. The syndrome typically presents before age 8, with peak onset of seizures between 3 and 5 years of age [1] [2] [3] [4] . While LGS sometimes develops in previously healthy children for unknown reasons, 75% of cases are associated with a congenital abnormality or insult to the brain from infection or injury [3] .
LGS is estimated to account for 1-10% of all childhood epilepsies [1] [2] [3] [4] , but this prevalence may be underestimated given the challenges in its recognition. It is one of the most difficult epileptic disorders to identify and manage due to multiple etiologies, lack of specific biological markers, and varied presentation and progression of features, as the syndrome often emerges over several years and continues to evolve over the life course [5] [6] [7] [8] [9] [10] .
Long-term prognosis of LGS is poor, with increased mortality rates, often due to seizure-related accidents [11] [12] [13] . Seizures are generally intractable and usually continue into adulthood, requiring lifelong treatment with multiple antiepileptic drugs (AEDs), surgical interventions, and the use of protective headgear to prevent serious injury from falls. Almost all LGS patients have a progressive deterioration in cognitive function with associated severe behavioral disorders. Most adult patients with LGS are unable to live independently [14] [15] [16] . Together, these challenges present a considerable negative impact on quality of life for LGS patients and their families, as well as significant economic burden [16] [17] [18] [19] .
Healthcare utilization, costs, and treatment patterns associated with LGS have not been well studied, due at least in part to its relatively low prevalence and inconsistency of diagnostic information captured in patient charts and in medical insurance databases. Medical insurance databases offer comprehensive data on healthcare utilization and costs for large patient populations, but LGS patients can be difficult to identify in these databases, particularly prior to the implementation of the 10th revision of the International Classification of Disease, Clinical Modification (ICD-10-CM [20] ). Prior to implementation of the ICD-10-CM in October 2015, there was no ICD diagnosis code specific to LGS [21] ). Previous published studies have assessed budget impact and cost-effectiveness of AEDs using trial-or decision-based models in hypothetical cohorts of patients with LGS [16] [17] [18] [19] , but none to date have provided real-world data.
In this study a claims-based LGS classifier based on random forest methodology was used to identify patients with probable LGS and evaluate their healthcare utilization and costs. This robust machinelearning methodology, described in detail in the accompanying paper, allows assessment of the prevalence of probable LGS, as well as associated total, medical, and pharmacy costs and treatment patterns across the age spectrum, thus providing real-world data on the clinical and economic burden of LGS. . The duration of observable data for individual patients depended on their enrollment in the Medicaid program during these time periods; average enrollment duration was about ten years (Table 1) . Medicaid claims data capture demographic information (gender, age, and race), diagnosis, costs (paid amounts), healthcare utilization information (procedure codes, dates of outpatient and emergency department [ED] visits, and dates/lengths of stay for inpatient), and dispensed drug information (National Drug Code [NDC] codes, costs, quantity/days of supply, and date of dispensing).
Methods

Data source
Patient population and study design
Eligible patients had ≥2 medical claims ≥30 days apart for specified epilepsy (ICD-9-CM: 345.xx) or unspecified epilepsy (ICD-9-CM: 780.39). Patients with ≥1 medical claim for petit mal status (ICD-9-CM: 345.2x) were excluded.
LGS patients were identified from the overall epilepsy population using a classifier developed using random forest methodology, a machine-learning technique, paired with clinical input from JEPG and GM. The methodology is described in detail in the accompanying article and is briefly summarized here. Candidate variables for LGS identification were drug-related (e.g., number of distinct AEDs received, number of AED prescription-fills, ≥1 prescription-fill for clobazam or felbamate; medical treatment-related (e.g., ≥1 claim for corpus callosotomy, vagus nerve stimulation [VNS] implant, helmet use, group home, or inpatient stay); or diagnosis-related data (e.g., ≥2 claims for intellectual developmental disorders [IDD] or delayed development, or ≥1 claim for autism, aggression, bone fracture, West syndrome, or epileptic encephalopathy; for complete list of variables see Table 1 in accompanying paper).
Using a machine-learning technique, automated classification and regression decision trees of randomly selected candidate LGS variables predicted the disease status as "LGS" or "non-LGS." Thousands of decision trees were compiled to form a (random forest) aggregate, and the patient's final disease status was selected based on whether the aggregate probability of disease was greater than a predetermined probability threshold.
Outcomes and analyses
Probable LGS and non-LGS patients were observed from their first epilepsy-related claim to the end of study eligibility, data availability, or patient death. Descriptive statistics (mean, frequency, proportion) were used to assess demographic and clinical characteristics, including gender, age at first diagnosis, of likely LGS patients compared to those of non-LGS patients. In addition, common comorbid diagnoses, drug and non-drug treatments, and healthcare resource utilization, were compared between probable LGS and non-LGS patients. Additional outcomes included number and proportion of patients with probable LGS, mean healthcare costs per patient per year (including total cost, total medical cost, and total pharmacy cost) for probable LGS and non-LGS patients, proportion of probable LGS patients with ≥1 claim for narrow-, wide-, and widest-spectrum AEDs, and proportion of probable LGS with ≥ 1 claim for clobazam or rufinamide. For these outcomes, patient data were categorized into one or more 10-year cohorts, based on age at the time of claim, and plotted against timeseries panels to depict changes across age cohorts. This was a retrospective analysis of Medicaid claims data and did not involve the use of human subjects; therefore ethics committee approval was not applicable.
Results
Demographic and clinical characteristics
Of nearly 400,000 patients meeting eligibility criteria for epilepsy, 14,712 patients were identified as having probable LGS based on the LGS classifier (Table 1) . Patients with probable LGS were younger at age of first diagnosis than non-LGS patients (mean age 16.3 vs 35.3 years). Probable LGS and non-LGS patients had similar mean length of observations periods (11.1 vs 9.3 years). With the exception of mood disorder, patients with probable LGS had higher rates of comorbidities than non-LGS patients, with the most frequent being delayed development (67.2% vs 17.3%), intellectual developmental disorder (58.7% vs 15.4%), epileptic encephalopathy (43.7% vs 16.8%), and bone fracture (31.3% vs 25.6%). Probable LGS patients also had more treatment-related claims than non-LGS patients, including AED prescription fills and non-drug treatments such as VNS implant, helmet use, and corpus callosotomy. Prescriptions for clobazam and rufinamide were filled by 6.8% and 8.0%, respectively, of LGS patients. Mean healthcare resource utilization, including outpatient, inpatient, and ER visits, EEG and neurological procedures, and use of wheelchair or walker, were similar in probable LGS versus non-LGS patients, with outpatient visits and neurological procedures slightly higher in likely LGS patients.
Prevalence and healthcare costs in probable LGS patients
The proportion of probable LGS patients increased from early age cohorts to a maximum of 8.4% at age 10, and then steadily declined in the age-10 through adult cohorts. Only 2.0% of patients in the age-60 cohort were identified by the classifier as having probable LGS (Fig. 1) .
Compared with non-LGS patients, probable LGS patients had substantially higher total healthcare costs (non-LGS, patients: $7170-$25,901 per patient per year [PPPY]; probable LGS, $28,461-$40,193 PPPY) (Fig. 2) . Of all healthcare costs incurred by patients with probable LGS, medical costs were the main cost drivers ($25,303-$37,342 PPPY). Home-based care was the main cost driver in the 1-18 year-cohorts, totaling $12,396 to $18,360 PPPY, but decreased sharply in adult cohorts to $6978 PPPY at age 60. Long-term care (LTC) costs ranged between $1648 to $5933 PPPY in pediatric cohorts and increased to $16,215 PPPY in the age-60 cohort. Pharmacy costs contributed to a relatively small portion of all healthcare costs incurred by probable LGS patients ($1592-$5630 PPPY).
LGS treatment patterns
Across all age cohorts, most probable LGS patients (62.6%-82.3%) had ≥1 claim for an AED (Fig. 3) . The majority of claims were for the widest spectrum AEDs, with the rate of claims remaining fairly consistent across age cohorts. Approximately 26.0-51.0% of probable LGS patients received narrow spectrum AEDs with the highest rates in the 30-to 40-year-old cohorts. Less than 10% of probable LGS patients had prescriptions for wide spectrum AEDs.
Use of AEDs indicated only for seizures associated with LGS (clobazam and rufinamide) was not common in probable LGS patients (Fig. 4) . The highest proportion of probable LGS patients using either clobazam or rufinamide was in patients under age 5 (maximum: 17.5% for clobazam, 7.4% for rufinamide), with rates declining steadily to about 5.5% of patients receiving either drug in the age-20 cohort and b1.0% of patients in the age-60 cohort. In contrast, the use of antipsychotics and selective serotonin reuptake inhibitors (SSRIs, not shown) increased sharply in the cohorts up to 18 years old, (antipsychotics: 0-19%, SSRIs: 0-11%), and reached maximum rates during adult cohorts (antipsychotics: 24.6%, SSRIs: 21.5%).
Discussion
The current longitudinal assessment of treatment patterns and healthcare costs of patients with probable LGS demonstrates its longterm impact, with probable LGS patients amassing considerably higher total healthcare and medical costs than non-LGS patients. Probable
LGS-associated costs ranged from approximately $25,000 to $40,000 across age cohorts, suggesting that LGS is associated with a considerable cost burden that extends beyond childhood to the entire life course.
Probable LGS existed across all age cohorts, with up to 8% of 10-yearold patients with epilepsy identified by the classifier as having LGS. The prevalence of probable LGS appeared to decrease with increasing age cohort, indicating that it may be under-recognized among older patients. Previous studies have described the changing nature of LGS features, such as decreased incidence of SSW discharges and changes in seizure type and/or frequency [5] [6] [7] [8] [9] [22] [23] [24] . These changes, which may reflect response to treatment, changes in brain plasticity with aging, or effects of prolonged epileptic activity, can complicate the diagnosis and treatment of LGS [9] . It is important for clinicians to continually reappraise clinical and EEG findings in patients of all ages with epileptic encephalopathy, bearing in mind the variable progression of LGS features.
Our analysis of AED treatment patterns suggests that while the majority of probable LGS patients received widest-spectrum AEDs, a considerable proportion of patients did not and therefore may have been inadequately treated. Further, the decline of clobazam and rufinamide usage rates in older patient cohorts indicates that treatment optimization may decrease as patients with LGS age. The underutilization of widest-spectrum AEDs observed in this study, particularly LGS-specific AEDs such as clobazam and rufinamide, is likely due to lack of knowledge and/or experience with these newer AEDs, yet these widestspectrum AEDs have demonstrated efficacy in treating atonic seizures, and therefore confer potential benefits in the form of reduced risk of injury from atonic seizures [25] .
Limitations to this study include possible inaccuracies in the Medicaid claims databases (e.g., diagnosis misclassification or underreporting). The database includes neither complete clinical data (therefore limiting assessment of disease severity), nor information on oral medications received during patient hospitalizations. Billing diagnoses in claims data reflect both actual clinical diagnoses and rule-out workup diagnoses; therefore, false-positive diagnoses are possible. In addition, while no systematic bias is expected, some differences in patient characteristics observed between age cohorts may be due to population turnover. Mean length of observation period was approximately 9-11 years; therefore individual patients observed in the study may not have been longitudinally present across all age cohorts. Finally, in the absence of an LGS-specific diagnostic code or other established method of predicting LGS status for comparison, the accuracy of the classifier in identifying true LGS patients could not be tested; however the proportion of probable LGS patients identified by the classifier was similar to that of previous studies [16] [17] [18] [19] , indicating that the algorithm is not likely to have missed LGS patients.
The current findings indicate the need for increased clinical attention to LGS beyond pediatric years, with a focus on optimization of treatment for LGS patients of all ages with widest-spectrum AEDs. Furthermore, clinical attention should emphasize the use of appropriate AED treatment early on. Despite the availability of LGS-specific AEDs such as clobazam and rufinamide, LGS may not be appropriately treated with these widest-spectrum AEDs, leading to increased potential for long-term disease burden. Although LGS is typically considered to be a childhood encephalopathy and is most often diagnosed during childhood, its features continue into adulthood, requiring lifelong treatment and considerable healthcare resource utilization. Recognition and treatment of LGS in adults requires the same commitment to achieving seizure control and quality of life as in younger patients. Timely recognition and adequate treatment of LGS are likely to result in improved outcomes and less costly management of this condition.
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